INTRODUCTION
The experimental study of a reattaching shear layer in a divergent channel [l] was designed to test the predictive capability of various turbulence models, to identify any deficiency in turbulence closure models, and thus to improve predictive capability of turbulence models. The flow geometry is shown in Figure 1 . The height of the backward-facing step is smaller than the boundary layer thickness of the incoming flow. Abrupt breakdown of the boundary layer generated a strongly inequilibrium turbulent flow. Furthermore, a strong pressure gradient was generated by varying the divergence angle of the top wall to study its effect on the development of the turbulence field, especially the Reynolds stress, and the reattachment process. A number of turbulence models, such as k-e turbulence models and algebraic Reynolds stress turbulence models (ARSM), were shown to yield poor computational results for the flow [1, 2] . It is also shown in References 1 and 2 that a modified ARSM, with modifications in the dissipation rate equation, yielded computational results which are in good agreement with measured data. However, generality of the improved predictive capability for other complex turbulent flows has not been shown yet.
It has been shown previously that the high Reynolds number multiple-time-scale turbulence model yields accurate computational results for a number of complex turbulent flows such as a wall jet flow, a wake-boundary layer interaction flow, a confined coaxial jet without swirl and a confined coaxial swirling jet to name a few [3, 4] . In the single-time-scale turbulence models such as k-c turbulence models, algebraic stress turbulence models, and Reynolds stress turbulence models, a single time scale is used to express both the turbulent transport and the dissipation of the turbulent kinetic energy. However, this practice is inconsistent with physically observed turbulence in the sense that the turbulent transport is related to the time scale of energy containing large eddies and the dissipation of turbulent kinetic energy is related to the time scale of fine scale eddies in the dissipation range. The single-time-scale turbulence models yield reasonably accurate computational results for simple turbulent flows; however, the predictive capability degenerates rapidly as turbulent flows to be solved become more complex. In the multiple-time-scale turbulence models [3-71, the turbulent transport of mass and momentum is described using the time scale of the large eddies and the dissipation rate is described using the time scale of the fine-scale In the present study, the near-wall turbulence is described by a "partially low Reynolds number approach." In the model [ 9 ] , only the turbulent kinetic energy equations are extended to include the near-wall low turbulence region and the energy transfer rate and the dissipation rate The numerical method used herein is based on the pressure correction method [19] which has been used most extensively t o solve incompressible flows the domain of which can be discretized by an orthogonal mesh.
However, the present numerical method is applicable for both incompressible and compressible flows with arbitrary, complex geometries. The capability to solve compressible flows is achieved by including a convective incremental pressure term into the pressure correction equation [17, 18] . In the method, the velocities are located at the same grid points and the pressure is located at the centroid of the cell formed by the four adjacent 7 velocity grid points. This grid layout was found to be quite suitable to solve flows with complex geometries [17] . In control-volume based finite difference methods, the discrete system of equations is derived by integrating the governing differential equations over the control volume [19] . For curvilinear grids, the number of interpolations required to obtain flow variables at the cell boundaries is significantly reduced by using the present grid layout. Enhanced convergence rate is partly attributed to the grid layout which required fewer interpolations [17] . In solving the discrete system of equations, the off-diagonal terms are moved to the load vector term and the resulting system of equations can be solved using a tri-diagonal matrix algorithm (TDMA) .
TURBULENCE EQUATIONS
For clarity, the multiple-time-scale turbulence model supplemented with the near-wall turbulence model is summarized below. The turbulent kinetic energy and the energy transfer rate equations for the energy containing large eddies are given as;
where the production rate is given as;
The turbulent kinetic energy equation and the dissipation rate equations for the fine scale eddies are given as:
LO
The turbulent kinetic energy equations, eqs. (5) and ( (9) is formally identical to the one proposed by Wolfshtein [12] .
For y=O, eq. (9) takes the limit value given as 2uk/y2, which is an analytical solution of the turbulent kinetic energy equation for a limiting case as y approaches the wall. Slightly away from the wall where the turbulence is in the equilibrium state, f, becomes unity. For near-wall equilibrium turbulent flows, the production rate ( P , ) is approximately equal to dissipation rate (et) and hence the energy transfer rate (E ) from the low wave number production range to the high wave number dissipation range has to be approximately equal to the production and dissipation P rates. Recall that the production rate vanishes on the wall and grows to a peak value at y+=15. Hence eq. (9) may not be a good approximation for . the cubic power of the distance from the wall. It can be found in Reference 10 that the near-wall analysis yields the same growth rate of the eddy viscosity in the region very close to the wall. However, there also exist a few low Reynolds number turbulence models in which the eddy viscosity varies in proportion to the fourth power of the distance from the wall, see
References 9 and 10 for more discussion.
COMPUTATIONAL RESULTS
The experimental data for the reattaching shear layer can be found in Reference 1. The inlet free stream velocity was 40 m/sec, the boundary layer thickness was 0.019 meters, and the height of the backward-facing step was 0.0127 meters. The top wall was deflected from -2 degrees to 10 degrees to generate a strong adverse pressure gradient.
In numerical calculations, the inlet boundary was located at four step-heights upstream of the expansion corner and the exit boundary was The calculated wall shearing stresses are shown in Figure 7 . It can be seen in the figure that the location of the peak wall shearing stress obtained using the k-e turbulence model is grossly in error. It is interesting to note that the modified ARSH under-predicts the peak value and the present turbulence model over-predicts the peak value even though the relative differences are almost the same for both deflection angles.
The mean velocity, the turbulent kinetic energy, and the Reynolds stress profiles at four downstream locations are compared with experimental data and with the calculated results using the modified ARSM [1, 2] in Figures 8-10 , respectively. The experimental turbulent kinetic energy shown in Figure 9 was estimated using the measured value of uf2+vf2 and an assumption that w' 2=(u82+v'2)/2. As shown in Figures 8-10 , both computational results exhibit fair comparison with the experimental data.
It can be seen in Figure 9 that the peak value of the turbulent kinetic energy and the shape of the turbulent kinetic energy profile obtained using 
